Abstract. In order to study the effect of abrasive flow on the polishing quality of the elbow parts, 90° elbow is used as the research object. The dynamic pressure and wall shear force of different incident angle flow is numerically simulated by setting the process parameters of elbow polishing, which shows that the properly increase entrance angle can improve the uniformity and reliability of abrasive flow polishing, and then, the numerical simulation analysis of turbulence viscosity and wall shear force for different incident pressures are also simulated. It indicates that the properly enhance inlet pressure is helpful to improve the polishing effect and polishing uniformity. Finally, the abrasive grain polishing test is carried out. After the measurement by Mahr stylus measuring instrument, the surface roughness decreases from 1.968 μm to 0.212 μm, which confirm the effectiveness of abrasive flow processing. The roughness value of the inside at the bend after the polishing of the abrasive grain is 0.274 μm by the measurement of the NT1100 Grating Surface Roughness Meter under the pressure condition of 7 MPa. By comparing the polishing effect of the pipe at different pressure and inflow angle, it is found that increase the pressure and inlet angle can improve the polishing effect of the abrasive flow on the curved pipe, but at the same time the uniformity of the polishing is decreased, in other words, the roughness gap at different positions of the elbow will increase. Therefore, it is exceedingly necessary to make some adjustments when in the actual operation.
Introduction
There are wide range of applications in industry and life for elbow, such as medical equipment, food, aerospace, ships and other fields. The surface quality of elbow parts tends to need a higher accuracy because of the particularity of use, the lower the surface roughness, the higher the value of use [1] [2] [3] [4] . And for the specificity of the inner surface structure of the elbow parts, it is difficult for the traditional polishing method to finish the finishing of the inner surface of the elbow. To this end, abrasive flow technology come into being. The processing technology of abrasive grains has increasingly appeared for the micro-cutting parts, which can realize surface polishing, deburring, round and so on. Therefore, the research for abrasive grain polishing technology has a very important engineering application value and academic significance for the performance improvement of the elbow parts [5] [6] [7] [8] .
Abrasive grain polishing technology is a new polishing process, whose principle is that the surface of the workpiece is frequently crashed by solid particles suspended in the liquid particles to achieve polishing effect [9] [10] [11] . Innumerable abrasive grains are equivalent to the traditional processing tool, which act on the surface of the workpiece, a certain number of cycles (processing time) are usually set due to different components, different parts and different processing accuracy requirements in order to realize polishing, deburring and other demands [12] [13] [14] .
Aiming at the problem that the inner surface of micro-size and large-curvature curved pipe is difficult to be used for contact finishing, a method using a soft abrasive grain was proposed by Shen Ming. To verify the correctness of the theoretical analysis, the RNG -turbulence model is used to simulate the whole runner in the process. And the experimental platform is built for processing experiments to test the reliability of the simulation results [15] . Gao Hang came up with a mean applying abrasive grain polishing technology directing to the screw parts used manual polishing, and has a poor polishing effect, low efficiency, quality cannot be guaranteed. As a result, a screw jig with helical drainage was designed to eliminate the reflow phenomenon. The helical surface after machining of abrasive flow was reduced from 10.5 μm to 0.45 μm under the experimental conditions [16] .
In order to more accurately analyze the flow distribution of the abrasive grains at different locations of the elbows, the elbows are divided into different areas as shown in Fig. 1 . Changing the inlet angle of the abrasive flow causes the change of the angle of collision between the abrasive flow and the wall surface, which in turn leads to a change in the flow state of the abrasive grains. Therefore, the influences that different abrasive grain inflow angles to flow pattern of the abrasive flow in the curved pipe are mainly studied, and the effect of the inflow angle on the polishing of the abrasive flow is analyzed. To examine the effect of different inflow angle to the polishing effect of abrasive grain flow, the abrasive flow conditions at different inflow angles are calculated when the inflow angle is -15°, -10°, -5°, 5°, 10° and 15°, and which is compared with the vertical inflow. After comparison, the numerical analysis can be obtained under different inflow angles and the dynamic pressure distribution is shown in Fig. 2 .
By comparing and analyzing the distribution of dynamic pressure at different inflow angles, it can be found from Fig. 2 that pressure distribution of the abrasive grain flow obviously changes with the inflow angle changing. The dynamic pressure of the outside wall surface is larger than the inside over the entire area of the pipe when the inflow angle is in negative condition. As a result, the uniformity of abrasive grain polishing is far from being guaranteed once the negative inflow angle is applied. When the inflow angle is 5°, the dynamic pressure of the inside wall is slightly larger than outside at inlet, while the inflow angle is 10° and 15°, the pressure difference at both sides of the bend and the outlet decreases, but the dynamic pressure at inside is also greater than at outside in inlet. So, the uniformity of abrasive grain polishing can be improved by appropriately increasing inflow angle.
As shown in Fig. 3 , it can be detected from the distribution of the shear wall from the 90° bend at different inflow angles that there is a regional decrease at the inlet, while the whirlpool will be produced by abrasive flow due to the structure of pipe at the bend part. Consequently, the wall shear force on the inside of the first half of the curved section is more than the outside. The wall shear force at the inside is greater than the outside at the rear half of the bend section and the outlet affected by the flow state and centrifugal force. When the inflow angle is 5°, the shear force of the wall is decreased rapidly on the outside comparing with the inside at the inlet. However, the distribution of the shearing force is better than that is 0° at the outlet and the bend. When the inflow angle continues to rise, the difference between the wall shear force on both sides of the 6 1 inlet and the bend is obviously increased, which is no longer beneficial to the uniformity of the abrasive grain polishing.
From the analysis, it can be known that there is a poor polishing uniformity when the inflow angle is negative. On the contrary, it will be better when the inflow angle is positive. As a consequence, the polishing performance can be vastly enhanced by properly elevating inflow angle. 
Influence of inlet pressure on polishing characteristics of abrasive grain flow
During the polishing process, the turbulence viscosity is an important index of the polishing effect. The distribution of the abrasive grains in the pipe will be affected by the size of the turbulent viscosity, which in turn will affect the flow state of the abrasive grains. Therefore, the polishing effect of the abrasive grains finally will be influenced. There are many factors that affecting the turbulence viscosity. And in this section, the different inlet pressure to the effect of abrasive flow polishing will be mainly examined. Different inlet pressures can produce turbulent viscosity of different sizes, thus the polishing effect on the pipe will be influenced.
In this part, 3 MPa, 5 MPa and 7 MPa are selected as polishing parameters. The turbulence viscosity distribution of 90° elbow is calculated by numerical simulation under three different inlet pressure conditions as shown in Fig. 4 .
In the turbulence viscosity distribution at different inlet pressure shown in Fig. 4 , which can be seen that the turbulent viscosity of the abrasive flow in the pipe is also increased with the polishing pressure increasing. and the turbulent viscosity near the wall is larger than that of the pipeline center, which because there exist grinding between the abrasive flow and the workpiece, eventually resulting in a greater turbulence viscosity. It can be obtained from the analysis that increasing the inlet pressure is equivalent to increasing the turbulent viscosity of the abrasive flow, and the turbulence degree of the abrasive flow in the pipe becomes larger, so that the irregular movement of the abrasive grains inside the pipe is more intense. The more frequent impact on the wall of the pipe, the better the polishing effect. Under the same initial conditions, the shear forces of the wall during the grinding process are analyzed, and the distribution for wall shear force under different inlet pressure are shown in Fig. 5 It can be inferred that the wall shear force gradually increases with the increase of the inlet pressure, and it is most likely to be reflected at the bend by comparing the wall shear forces at different inlet pressures. Because in the bend, the speed and wall shear force is also growing with the pressure increasing. There is a violent crash in the bend, turbulence effect is more apparent, more frequent collisions between particles will be appeared, the more violent movement of disorder, the better the grinding effect on the wall. While at the outlet, the wall shear force is relatively small, which due to the collisions between abrasive flow and pipe, leading to the loss of part of the kinetic energy, resulting in reduced speed, wall shear force is also weakened. Consequently, the polishing effect is poor and the uniformity is not good. So, it would be better that regarding the outlet as inlet and polish it again in the polishing process.
Experimental analysis of polishing quality of bend by abrasive flow
Due to Stainless steel has favorable corrosion resistance and heat resistance, widely used in food production equipment, medical equipment, auto parts, chemical equipment and other fields. Therefore, the stainless steel tube whose outside diameter and inside were 10 mm and 8 mm respectively was chose as the experimental object of abrasive grain polishing. The elbow part to be polished was shown in Fig. 6 .
The silicon carbide particle whose size was 8 μm was selected as the abrasive particles. The main components of the grinding fluid carrier were hydraulic oil and a small amount of triethanolamine. And the final abrasive sample concentration was 20 %. The pipe after cutting needed to be cleaned for accurately measuring the surface quality after processing. There were several steps: put the workpiece into the 2000 Hz ultrasonic oscillator, and a little zinc oxide and alcohol were needed, which assured that the removal of stains on the surface of the workpiece. At the same time, that anti-oxidation measures could also be formed. And after that, the elbow was put into the hot box and dried of water so that reach detection standards, then the related testing could be carried out. The workpiece after cutting was observed under an electron microscope, and the image of elbow before and after polishing was shown in the Fig. 7 . Roughness is an extremely important indicator of the quality of the workpiece surface. In order to analyze the effect of abrasive flow on the elbow polishing, the Mahr stylus measuring instrument and the NT1100 grating surface roughness measuring instrument were used to measure the roughness of the different area before and after the polishing. NT1100 grating surface roughness measuring instrument shown in Fig. 8 . 
Mahr stylus measuring instrument for surface roughness measurement
In this experiment, three workpieces were selected to mark the original 1 #, sample 2 #and sample 3 # respectively. After the abrasive flow polishing test was completed, the Mahr stylus measuring instrument was selected to measure surface roughness. And the measurement result was shown in Fig. 9 .
As shown in Fig. 9 , the result of the original measurement was 1.968 μm before polishing, while after the processing, the test results demonstrate that the amplitude of the fluctuation was small, the average measurement result was 0.212 μm, and the polishing effect was better comparing with before. In consequence, the effectiveness and reliability of the abrasive flow processing were verified. Fig. 9 . The measurement result for the surface roughness of the workpiece
Measurement of surface roughness of NT1100 grating measuring instrument
In this experiment, the pipe was polished for comparison at three different pressures. It can be discovered from the above that there would be a large difference in roughness at the bend and the outlet on both sides of the roughness after abrasive flow polishing. Therefore, the comparison for roughness of the bend and the outlet was chiefly analyzed under different pressure conditions. To save time and keep efficiency, the roughness was tested under only 3 MPa and 7 MPa. The measurement results are shown in the Fig. 10 and Fig. 11 .
After finishing the data, draw it as a table, as shown in the Table 1 . It can be got from Table 1 that the polishing performance of the abrasive flow on the curved pipe was gradually enhanced with the increase of the inlet pressure. When the inlet pressure is 7 MPa, the roughness value of the inside of the bend of the pipe reaches 0.274 μm, Comparison of the difference in the same area can be found that as the inlet pressure increased, the difference in roughness between the inside and outside of the curved section is changed from 0.005 μm to 0.011 μm. The difference in the roughness of the outlet region is changed from 0.006 μm to 0.034 μm. In a word, it can be seen that the abrasive flow to the polishing performance of the curved pipe boosted with the inlet pressure increasing, but the difference in roughness at the different area of the elbow increased. 
Conclusions
In order to study the effect of inflow angle on the polishing characteristics of abrasive grains, the dynamic and wall shear forces at different inflow angles are analyzed. The abrasive flow conditions at different inflow angles are calculated when the inflow angle is -15°, -10°, -5°, 5°, 10° and 15°, and which is compared with the vertical inflow. The results reveal that the uniformity of abrasive grain polishing can be improved by appropriately increasing inflow angle. Through the numerical simulation results for the wall shear force, it is found that the polishing performance is the best when the inflow angle is 0°-5°.
To study the effect of inflow pressure on the polishing characteristics of abrasive grains, three kinds of inlet conditions that 3 MPa, 5 MPa and 7 MPa are used to calculate the turbulence viscosity and wall shear force of 90° elbow. The numerical simulation results manifest that the polishing effect of the abrasive grain flow can be enhanced by properly increasing inlet pressure. However, the uniformity of the polishing is weakened if excessively increase. Therefore, it can be adjusted according to the need during the actual abrasive grain polishing process.
The surface roughness decreases from 1.968 μm to 0.212 μm after the measurement by the Mahr stylus measuring instrument. In addition, the roughness value of inside at the bend after the abrasive flow is reduced from 1.54 μm to 0.274 μm under the pressure of 7 MPa by NT1100 grating measuring instrument. In summary, the polishing performance can be raised by appropriately increase inflow pressure, but the polishing uniformity will decline.
